Spatial organization of redox active centers in the bovine heart ubiquinol-cytochrome c oxidoreductase.
We have examined the spatial organization of the redox active centers in the Site II segment of the bovine heart respiratory chain by using reconstituted proteoliposomes of ubiquinol-cytochrome c oxidoreductase (Complex III or cytochrome bc1 complex) and EPR techniques. 1) Mutual spin-spin interactions between intrinsic redox active centers were detected. The spin relaxation of the Rieske iron-sulfur cluster was enhanced by the paramagnetic cytochrome c1 and b566 hemes but not by cytochrome b562. 2) Relative distances of the individual redox active centers to the P-side and N-side surfaces of the reconstituted Complex III proteoliposome were measured by our paramagnetic probe method (Blum, H., Bowyer, J. R., Cusanovich, M. A., Waring, A. J., and Ohnishi, T. (1983) Biochim. Biophys. Acta 748, 418-428). The cytochrome b562 heme was shown to be close to the middle of the phospholipid bilayer, while the Rieske iron-sulfur cluster and cytochrome b566 heme were assigned to be near the P-side surface level of the membrane. This probe method is a low resolution technique from the structural viewpoint; however, it can provide direct and reliable assignment of the topographical locations of redox active centers within the membrane. This is the first direct demonstration of the transmembranous location of the two cytochrome b hemes, although electron transfer between these two hemes crosses only half of the membrane thickness. Our data support the assignment of transmembranous distribution of the redox active centers based on electrochromic measurements (Robertson, D.E., and Dutton, P.L. (1988) Biochim, Biophys. Acta 935, 273-291). The implication of these results on the mechanism of Site II energy coupling is discussed.